SUMMARY In twenty-five cases of ulnar neuropathy at the elbow, the involvement of the fibres from three sensory and to four motor branches were examined clinically and, where possible, electrophysiologically. Of the sensory fibres, those from the terminal digital nerves were most commonly involved. The fibres to the hand muscles were much more frequently involved than those to the forearm muscles. These findings suggest that in ulnar neuropathies at the elbow there is variable damage to the fascicles within the nerve.
Ulnar neuropathies at the elbow frequently produce abnormalities in the small muscles of the hand while sparing the forearm muscles.' -1 It is less well known that the three sensory branches of the ulnar nerve, the terminal digital, dorsal ulnar cutaneous and palmar cutaneous branches., may also be variably involved. These findings have obvious clinical and electrodiagnostic relevance, and also raise the question of selective vulnerability of specific fascicles within the nerve. A prospective study was performed to investigate these patterns in more detail.
Methods
Twenty-lour patients with clinical symptoms and signs of ulnar neuropathy in 25 arms were studied prospectively using a standardised protocol. Sen.sori Light touch and pinprick sensation were assessed in the cutaneous distribution of the terminal digital (TD), dorsal cutaneous (DC), palmar cutaneous (PC), branches of the ulnar nerve ( fig I) , and in the distribution of the median and radial nerves.
Legs
Power was assessed in the tibialis anterior and gastrocnemius muscles. Pinprick and vibration were examined in the toes; ankle reflexes were examined. ELECTRODIAGNOSTIC PROTOCOL Motor (ctonduction studies Surface disc electrodes were used to record simultaneously in two channels from ADM and FDI muscles. The ulnar nerve was stimulated supramaximally at the wrist and then at each of seven points, 2 cm apart, spanning the elbow ("inching" technique.).6 The distance between the most proximal and most distal stimulation sites across the elbow was therefore 12cm. The elbows were kept slightly flexed at an angle of about 150 between the upper arm and forearm during the test, and the wrists were held fixed with a plastic splint with
The variable clinical manifestations of ulnar neuropathies at the elbow adjustable straps. The latencies (to initial deflection) and amplitudes (peak to peak) of the compound motor action potentials from FDI and ADM were measured. Conduction velocities across the elbows, from below the elbows to the wrist, and from the wrist to the ADM and FDI muscles were then calculated. The median nerve was also stimulated at the elbow and wrist while recording from ADM and FDI muscles to determine if a median-ulnar nerve (Martin-Gruber) anastamosis was present; four patients with probable Martin-Gruber anastamoses were excluded from the study.
Sensory conduction studies
The terminal digital branches of the 5th digit were stimulated using ring electrodes, with recording from disc electrodes over the ulnar nerve at the wrist. The technique used for the dorsal ulnar cutaneous (DC) nerve study was that described by Jabre:'" disc electrodes were placed over the nerve where it courses over the dorsal surface of the fifth metacarpal bone, and the nerve was stimulated where it winds around the lateral aspect of the humerus about 2cm proximal to the wrist crease. Latencies were taken to the onset of the major negative deflection and conduction velocities were calculated using distance measurements; amplitudes were measured from peak to peak. Sensory studies were also done on the opposite hand. ISAP = diminished sensory action potential amplitude. For involvement ofmuscles, the number oJlpatients in whom denervation ("denervated") was present is shown for each muscle, while in addition, the numbers of muscles in which conduction blocking ("block ") was found are also shown. Clinical findings Figure 2 shows the motor and sensory abnormalities. The frequency of sensory involvement was greatest in TD, less in PC, and least in DUC. The frequency of motor involvement was greatest in FDI, less in ADM, still less in FDPU, and least in FCU.
Electron7 Vographv
Electrophysiological abnormalities Figure 3 shows the electrophysiological abnormalities detected in two sensory branches and four muscles. Denervation and conduction blocking were more frequently found in the FDI than ADM muscles (table 2) . In a few patients either of these muscles was involved (as judged clinically or electrophysiologically) independently of the other muscle. The results of the "inching" study will be described elsewhere. Two (patients MAR and STG described above) of the 25 ulnar neuropathies would have been, on the clinical pattern of motor and sensory abnormalities, localised to the wrist or hand. However, the electrodiagnostic studies showed that the site of the focal neuropathy was at the elbow. These patients illustrate the clinical relevance of this selectivity of fascicular involvement. This difficulty in localisation was clearly stated by Osborne in 1959:1 '"selective involvement of the hand muscles ... creates difficulty in diagnosis, as the picture may become confused with neuritis at wrist level An early description of fascicular phenomena was that of the Dejerines and Mouzon in 1915, who studied traumatic lesions of forearm nerves in French soldiers wounded in World War 1.21 They described these "dissociated syndromes" thus: "Each fascicle of each nerve possesses, in effect, an individuality. It can be injured independently of its neighbours, or to a different degree. It can also be spared while the other fascicles are injured to a greater or lesser extent". There are, in fact, many familiar examples of selective involvement of parts of peripheral nerves. In sciatic neuropathies, the lateral trunk (which forms the common peroneal nerve) is often more severely involved than the medial trunk (which forms the tibial nerve), and therefore a sciatic neuropathy may present with a foot-drop, masquerading as a common peroneal palsy.22 23 Trojaborg has pointed out the variability Stewart of involvement of the sensory fibres and various motor fibres within the radial nerve in Saturday night palsies: branches to the brachioradialis muscle and/or the sensory branch may be completely spared in lesions well above their sites of origin.24 In the thoracic outlet syndrome caused by a fibrous band distorting the lower trunk of the brachial plexus, there is often selective involvement of the intrinsic hand muscles that derive their innervation from the trunk; the median nerve-innervated abductor pollicis brevis is usually exclusively or markedly more affected than the ulnar nerve-innervated intrinsic muscles.25 A striking example of a proximal partial lesion masquerading as an isolated distal lesion is the report of a patient with brachial neuritis with weakness initially restricted to the muscles supplied by the anterior interosseous nerve. 26 Unequal ultrastructural involvement of fascicles has been described in experimental focal neuropathies in animals. 27 28 Detailed microscopic examination of human ulnar nerves at the elbow has also shown variable involvement amongst fascicles. 29 The detailed anatomy of human peripheral nerve fascicles is controversial. It has been generally accepted, largely from the work of Sunderland,20 that the fascicles in the distal part of the nerve comprise fibres from individual branches of the nerve (simple fascicles), while proximal fascicles contain increasing mixtures of fibres from the different branches (compound fascicles). This mixing is said to result from many intercommunications between fascicles. In Sunderland's single dissected specimen of an ulnar nerve it consisted mainly of compound fascicles at the elbow. However, Jabaley et al found that the fascicles going to FCU and FDP muscles, and that from the dorsal ulnar cutaneous nerve, were quite distinct at that level.30 Recent microneurographic experiments in the median nerve also suggest that there may be less fibre intermingling between fascicles.than previously thought.3" Regardless of the details of the contents of the fascicles, in the region of the elbow the nerve fibres from the terminal digital sensory branch and to the small muscles of the hand lie deeply in the nerve, adjacent to bone. It has been suggested that this position renders these fascicles more susceptible to damage from external pressure. 20 Another explanation for the current findings can be put forward. The sensory and motor branches most affected are those that arise most distally from the nerve. Proximal pressure could compromise axoplasmic flow which would then preferentially affect the longest fibres in the nerve, resulting in a dying-back phenomenon in the branches to the skin and muscles of the hand. This is unlikely for several reasons: (a) in other focal neuropathies in which selective muscle involvement/sparing has been noted (radial and com-The variable clinical manif(stations of ulnar neuropathies at the elbow mon peroneal nerves), the most distal muscles are not predominantly affected;23 32 (b) some patients in this study had involvement of one of the major ulnar nerve-innervated intrinsic hand muscles while the other was unaffected, and both are supplied by distal branches of the nerve. However, a dying-back phenomemon probably does occur to some degree in compressive focal neuropathies: in the carpal tunnel syndrome and radiculopathies, the sensory abnormalities are usually present in the most distal part of the cutaneous area supplied by that nerve or spinal nerve root.
Numerous experimental studies of focal compression neuropathies has established that the microscopic sequelac range from focal demyelination to axonal breakdown. In the electromyography laboratory, these processes are easiest to evaluate in motor nerve fibres: focal demyclination can be detected by conduction slowing and blocking, while axonal degeneration produces denervation potentials in affected muscles. The present study shows that varying degrees of these two basic processes can occur in different fascicles within the same nerve. Considerably more information could probably be obtained if EMG and nerve conduction studies were performed on other ulnar nerve-innervated muscles. In sensory fascicles, conduction blocking could be examined by recording with needle electrodes at the wrist and above the elbow.4
In conclusion, this present study confirms and expands on previous observations that ulnar neuropathies at the elbow produce variable involvement of sensory and motor fascicles. Certain fascicles are more susceptible to damage than others, notably the three sensory fascicles (particularly TD), and the fascicles to the intrinsic hand muscles (particularly FDI). These selective patterns of fascicular involvement add a dimension of difficulty to the localisation of peripheral nerve lesions. It is not sufficient for localisation to be based entirely on longitudinal anatomy and branching patterns of nerves and plexuses. A knowledge of these fascicular phenomena is also important to the electromyographer: abnormalities are more frequently detected in the FDI than the ADM muscle, and therefore FDI is a better muscle to use in patients suspected of having ulnar neuropathies. However, studying both muscles further increases the diagnostic yield.
The intra-operative studies were performed in conjunction with Dr 
